Ever since the interest in organic environmental contaminants first emerged 50 years ago, there has been a need to present discussion of such chemicals and their transformation products using simple abbreviations so as to avoid the repetitive use of long chemical names. As the number of chemicals of concern has increased, the number of abbreviations has also increased dramatically, sometimes resulting in the use of different abbreviations for the same chemical. In this article, we propose abbreviations for flame retardants (FRs) substituted with bromine or chlorine atoms or including a functional group containing phosphorus, i.e. BFRs, CFRs and PFRs, respectively. Due to the large number of halogenated and organophosphorus FRs, it has become increasingly important to develop a strategy for abbreviating the chemical names of FRs. In this paper, a two step procedure is proposed for deriving practical abbreviations (PRABs) for the chemicals discussed. In the first step, structural abbreviations (STABs) are developed using specific STAB criteria based on the FR structure. However, since several of the derived STABs are complicated and long, we propose instead the use of PRABs. These are, commonly, an extract of the most essential part of the STAB, while also considering abbreviations previously used in the literature. We indicate how these can be used to develop an abbreviation that can be generally accepted by scientists and other professionals involved in FR related work. Tables with PRABs and STABs for BFRs, CFRs and PFRs are presented, including CAS (Chemical Abstract Service) numbers, notes of abbreviations that have been used previously, CA (Chemical Abstract) name, common names and trade names, as well as some fundamental physicochemical constants.
Introduction
Even though the history of flame retardants (FRs) dates back thousands of years (Hindersinn, 1990) , it is the recent developments, and in particular the use of organic FRs, that is of current concern. Two of the major groups of these FRs are (i) halogenated FRs that may be divided into brominated and chlorinated flame retardants (BFRs and CFRs, respectively), and (ii) phosphorus-containing flame retardants (PFRs). The BFRs, CFRs and PFRs cover the major proportion of organic FRs, although some FRs contain neither halogen nor phosphorus atoms (e.g. melamine, 1,3,5-triazine-2,4,6-triamine). FRs are incorporated as either additive or reactive ingredients, with the aim of increasing the fire resistance of materials. Hence, reactive FRs are incorporated into the oligomers or polymers being manufactured, while additive FRs are molded within the material to be flame retarded.
Some countries or states have rather unique regulations requiring furniture and electrical equipment to meet specific flammability tests, e.g. in the UK and Ireland (Arcadis EBRC, 2011) ; and in California in the USA (State of California, 2000) . However, there is growing evidence that these regulations may not offer the protection that was first intended (Babrauskas et al., 2012; DiGangi et al., 2010) . Also, there is a growing body of knowledge which is raising concerns about these chemicals in relation to their persistence, bioaccumulation, toxicity and long range transport. The 'San Antonio Statement ' (DiGangi et al., 2010) sets the scene as to why this topic is of major concern to the global society. The FR area is complex, with numerous individual chemicals comprising the BFRs, CFRs and PFRs. This highlights the need for a common vocabulary amongst scientists and others to be used when addressing these chemicals in order to avoid confusion.
History of organic flame retardants
Polychlorinated biphenyls (PCBs) were manufactured and applied as FRs from the late 1920s until the mid-1980s, although PCBs were also used in a multitude of other applications, particularly in electrical equipment. Other chlorinated compounds came into use as FR, probably from the 1960s onwards, sometimes also including a phosphate group, such as the tris-(2,3-dichloropropyl)phosphate (TDCPP) and tris-(1,3-dichloro-iso-propyl)phosphate (TDCIPP) . The brominated analog of the former compound, tris-(2,3-dibromopropyl)phosphate (TDBPP) made the headlines in the 1970s due to its use in children's pajamas . In the beginning of the 1970s, an increasing number of BFRs, e.g. polybrominated biphenyls (PBBs) and polybrominated diphenyl ethers (PBDEs), came to the market. In 1997, the World Health Organization tried to list all major FRs, also including any inorganic chemicals used in that role (WHO/IPCS, 1997). Pijnenburg et al. (1995) made the first review of BFRs, including what was known of their analysis, toxicity and environmental occurrence, and numerous other reviews and/or assessment documents have been published since then (e.g. Bergman, 2005; Birnbaum and Staskal, 2004; D'Silva et al., 2004; de Boer et al., 2000; de Wit, 2002; Law et al., 2003) . Among the most recent documents concerning BFRs are five published opinions from the European Food Safety Authority (EFSA) on PBBs (EFSA, 2010), PBDEs (EFSA, 2011a), hexabromocyclododecanes (HBCDDs) (EFSA, 2011b) , TBBPA and its derivatives (EFSA, 2011c) and also an opinion concerning other phenolic BFRs and their derivatives (EFSA, 2012) . EFSA is presently also preparing an opinion on emerging and novel BFRs, for publication in 2012. In 2011, a book on BFRs was published which covered a multitude of issues relating to BFRs (Eljarrat and Barceleó, 2011) . Other major reviews of BFRs from 2005 onwards include Covaci et al. (2006 Covaci et al. ( , 2009 Covaci et al. ( , 2011 , Law et al. (2006 Law et al. ( , 2008 . A review on PFRs was recently published (van der Veen and de Boer, 2012) while, among the CFRs, only the Dechloranes have been comprehensively reviewed to date (Sverko et al., 2011) .
The BFRs most commonly used today are tetrabromobisphenol A (TBBPA), decabromodiphenyl ether (DecaBDE) and HBCDD (also sometimes referred to as HBCD). Due to EU legislative measures and the inclusion of PentaBDE and OctaBDE among the Stockholm Convention POPs, there are now changes in the production and use of PBDEs, HBCDDs and many other BFRs, including some which are being used as replacements for now restricted formulations. DecaBDE is subjected to use restrictions according to the RoHS directive (Directive 2002 /95/EC (OJ, 2003 ) after the European Court of Justice decision from (OJ, 2008 . However, these changes cannot be documented adequately as the producers do not make production figures available, regardless of where the chemicals are manufactured. Similarly, there is little information available on the current applications in which these compounds are being used. The situation is similar also for production and use of CFRs and PFRs.
It is safe to say that the use of BFRs has increased dramatically since the 1970s and their cumulative current production volume exceeds 200,000 t per year, based on available information (personal communication, V. Steukers, Albemarle, 2008; references in Eljarrat and Barceleó, 2011) . Volumes of CFRs seem to be higher since, in 2007, the production of polychlorinated alkanes (PCAs) (also known as chlorinated paraffins (CPs)) amounted to up to 600,000 t per year, in China alone (Fiedler, 2010) . These compounds are not solely used as flame retardants, however, and have a number of other applications (Nicholls et al., 2001) . The worldwide production volume of PFRs in 2004 was slightly above 200,000 t per year (EFRA, 2007) .
Due to the increased regulatory interest in and restrictions on PBDEs and HBCDD, alternative FRs are now being used in their place. It is, as shown below, difficult even to list those BFRs currently being offered for sale in the market. In the present document, we are therefore presenting all BFRs, CFRs and PFRs that have been proposed to date for use as FRs. Several FRs have only recently been detected in the environment, even though they may have been in use for some time, e.g. Dechlorane Plus (Sverko et al., 2011) . The analysis, environmental fate and behavior of novel BFRs have been reviewed (Covaci et al., 2011; Papachlimitzou et al., 2012) and they are presently under review by EFSA. A suite of FRs has also been reported as present in materials and products taken recently from the Swiss retail market (Zennegg, 2011) . In addition, other types of compounds are also used as FRs in a variety of applications, notably PFRs. Regarding the present use of CFRs, less has been published to date, even though some new chemicals have now been identified as CFRs. These are mainly related to the family of "Dechloranes" (Sverko et al., 2011) as further discussed below.
Aims
As the number of compounds in use as FRs, and for which environmental data are being reported increases, there is a pressing need to harmonize abbreviations by which these compounds can be described in the literature (for example, using TBBPA and PBDEs as described above, and BDE47 for 2,2′,4,4′-tetrabromodiphenyl ether), with the aim of preventing future confusion. Unfortunately, a rather large number of abbreviations, for the less known FRs, are currently being used without any coordination. Following a request made at the BFR Symposium 2010 in Kyoto, we have now prepared a document which aims to promote improved harmonization, based on a set of criteria, of unique and practical abbreviations to be used for all BFRs, CFRs and PFRs identified to date. In this paper, we provide information relating to halogenated FRs and PFRs, including common, trade and systematic names, CAS numbers, physicochemical properties where known, together with recommended structured abbreviations (STABs) and practical abbreviations (PRABs). Also some general comments and suggestions are given with the aim of simplifying the abbreviation of the full chemical names of BFRs, CFRs and PFRs.
Methodology
All compounds listed were retrieved by reviewing the scientific literature for BFRs, CFRs and PFRs. Documents of particular use for identifying BFRs and CFRs were: WHO/IPCS (1994 , 1995 , WHO/IPCS (1997), Örn and Bergman (2004) , Andersson et al. (2006) ; Harju et al. (2009) , Letcher et al. (2009 ), Covaci et al. (2011 ), de Wit et al. (2011 ), Sverko et al. (2011 and for PFRs: van der Veen and de Boer (2012) .
The compounds are presented in three separate groups (BFRs, CFRs and PFRs) and then listed in molecular mass order within each subgroup. The sub-grouping is given below. We have chosen to list FRs holding, for example, both a phosphorus group and a halogen substituent, in each of the groups to which they belong, i.e. a BFR with a chlorine substituent is also listed in the table containing CFRs (Table 3) ; a PFR containing bromine substituents is also listed as a BFR. This means that some of the chemicals are listed twice.
One further goal of the systematic work presented herein is to enable us to treat functional groups in chemicals in a similar way, which could also be applied for hitherto unknown BFRs, CFRs, and PFRs that may be identified as commercial products in the future. This may be exemplified by the way in which we handle ether and ester functional groups when structured abbreviations are made. Allyl ethers of e.g. 2,4,6-tribromophenol and TBBPA are handled by naming the phenol entity first and then introducing one or two ether functionalities, the latter denoted "bis" (b), to give the STABs: TrBPh-AE and TBBPA-bAE, respectively. Other ethers are treated similarly, with the aryl group first and with the alkyl ether group linked to the word "ether". In order to minimize confusion, we propose the use of a set of standardized short forms for major parts of a molecule (or their name). The criteria for constructing the abbreviations are given below and in Table 1 . The STABs of all BFRs, CFRs and PFRs are listed in plain letters under the PRABs of the same compound, presented in bold letters (Tables 2-4) .
No inorganic FRs have been included in the present article since we feel that the chemical formula can be used for most of those chemicals.
2.1. Construction of STABs for BFRs, CFRs, and PFRs 1. Abbreviations should, as far as possible, be based on a "readable" common name of the chemical. This may lead to the use of an abbreviation, such as TBBPA originating from the common name tetrabromobisphenol A. The goal is to minimize use of noninterpretable names as a base of the abbreviation if it is possible to do so. However, some names and structures of the FRs are very complex and it is unavoidable that the STABs also become complex. 2. Functional groups, such as ether and ester groups, and glycidyl and allyl groups, should be handled the same way each time such a group appears in a compound. Alcohol functional groups are added as OH to the aliphatic chain name (e.g. MeOH for methanol, EtOH for ethanol, PrOH for propanol and PrDiOH for propanediol). 3. In cases where it is necessary to indicate the aliphatic chain or ring structure, this can be done by adding the lower case letters c for cyclo, bc for bicyclo; i for iso (c.f. Table 2 ). The default for an alkyl chain is "normal-" (n) and is omitted. 4. The "bis-" and "tris-" prefixes are written as "b" and "t", respectively. 5. The numbers of a particular substituent are given by the letters:
Di; Tr; Te; Pe; Hx; Hp; O; N; D; UD; DD; TrD; TeD; for the series of 2-14 substituents. 6. The aliphatic chains or rings and aromatic entities are presented in Table 1 .
Construction of PRABs for BFRs, CFRs, and PFRs
Since the STABs tend to be quite complicated, in numerous cases, we are proposing combinations of, in general, three to eight capital letters for PRABs. The PRABs take into account previously used abbreviations and shortening of the STABs. In a few cases the suggested PRABs exceed eight letters, but this is in cases where no other possibility was obvious to us. The goal has been to present PRABs that are derived in a logical manner (based on the STABs) and are expected to be adopted by the scientific community.
Discussion
Among the FRs discussed in this article, we propose a hierarchy for clarification of the status of these chemicals in an environment and health perspective. First, it may be worth to stress that there is a difference in the definition of e.g. an "emerging chemical pollutant" and an "emerging issue". Further, an "established pollutant" could of course be an "emerging issue". Hence the following definitions are put forward for any FRs:
Established FRs (BFRs/CFRs/PFRs) are chemicals which are extensively documented regarding production and use as FRs, chemistry, fate, exposures, environment and health issues (i.e. (eco-)toxicity and/or human health effects). Emerging FRs (BFRs/CFRs/PFRs) are chemicals which are documented regarding production and use as FRs that have been shown to occur/ distribute to the environment and/or wildlife, humans or other biological matrices. Novel FRs (BFRs/CFRs/PFRs) are chemicals which are documented as potential FRs that have been shown to be present in materials or products. Potential FRs (BFRs/CFRs/PFRs) are chemicals reported to have applications as FRs (e.g. in patents).
The numbers of established, emerging, novel and/or potential BFRs, CFRs and PFRs identified and reported in this paper are 55, 18 and 23, respectively (Tables 2-4). These numbers do not include either congeners or enantiomers of a given FR. The DBP-TAZTO and its two congeners, BDBP-TAZTO and TDBP-TAZTO, are listed with their separate CAS numbers in Table 2 , even though these homologues most likely occur together in the same technical BFR product. On the other hand, we list PBDEs as one group of BFRs (Table 2) , chlorinated paraffins as three groups (SCCP; MCCP and LCCP), depending on alkane chain lengths even though they have separate CAS numbers ( Table 3) .
The use of a numbering system as proposed by Ballschmiter and Zell (1980) for the PCB congeners made a major impact on all subsequent discussions of this group of chemicals (Ballschmiter et al., 1992) . Since PBBs and PBDEs are also dicyclic aromatic compounds, it has been possible to replicate the PCB numbering system for the PBBs and PBDEs. The same method for abbreviations is proposed herein for polybrominated diphenyl ethanes (PBDPE) and polybrominated dibenzyl ethanes (PBDBE), since these compounds are likewise, dicyclic aromatic chemicals.
The numbering system proposed by Ballschmiter et al., has also become valuable for referring to metabolites of PCBs, PBBs and PBDEs. The rules to apply are given in Textbox 1, referring to the work by Letcher et al. (2000) . The same numbering system can be applied to the polybrominated phenoxy-PBDEs (PBPO-PBDE) (see Table 2 ).
Determine the PBDE or PBB number of the OH-BDE, OH-BB or PhO-BDE overlooking any hetero substituent (− OH, -OR, -SH, -OR, -SR or PhO-group) Based on the numbering of the PBDE or PBB congener, give the hetero substituent the number (with or without the prime sign due to the structure) in which the substituent is placed.
Examples of the numbering of PBDE and BB metabolites are given in Fig. 1 , and likewise of a polybromophenoxy-PBDE (PBPO-PBDE) congener.
The PCB-based numbering system cannot unfortunately be applied to any other of the BFRs, CFRs or PFRs. The proposed PRABs for the BFRs, CFRs and PFRs are given in bold in Tables 2, 3 STABs of BFRs, CFRs and PFRs are also given in Tables 2-4 (under the practical abbreviations (plain text)). These abbreviations follow the criteria set up above, as far as possible. For most of the BFRs, CFRs and PFRs, this yields abbreviations that are easily interpretable in relation to the compound's structure and at least one of its chemical names. The name used as a basis for the STABs is shown first in the column presenting "Common names/ Trade names" in Tables 2-4. In cases where the abbreviation criteria have not been followed, this is commented on in footnotes ( Table 2) .
Several of the abbreviations are based on abbreviations which have already been in common use for a long time, described as established abbreviations. In such cases we are not proposing changes to the abbreviations already in use. This leads, for example, to the use of TBBPA as part of the abbreviated name of each of its derivatives, but the attached functional group is abbreviated following the guidelines presented herein. We suggest, however, that the common abbreviation HBCD be changed to HBCDD, to avoid future intermix with hexabromocyclodecane (c.f. Table 2 ). However, since HBCD is so commonly used for hexabromocyclododecane, we do foresee that this abbreviation may be used also in the future. Therefore, we introduce HBCYD as the PRAB for hexabromocyclodecane. In addition to the specific recommendations given above, we also propose "PentaBDE", "OctaBDE" and "DecaBDE" when referring to the corresponding commercial products.
Chemicals belonging to the BFRs and CFRs are listed in Tables 2  and 3 respectively, presenting the proposed PRABs and STABs, other abbreviations that have been used previously, chemical abstract name, CAS number, and common names/commercial names. The type of FR is indicated as "R" for "Reactive BFR/CFR" and "A" for "Additive BFR/CFR". In an additional few columns are some properties of the individual compounds given, as extracted from CA (Scifinder, 2012) under the CAS number given in the table. The Table 1 Abbreviations of functional groups or corresponding entities in a molecule to be applied when constructing structured abbreviations (STABs). , 4:6, 1, 2, 3, 4, 6, 7, 8, 9, 10, 10, 11, 4, 4a, 5a, 6, 9, 9a, 2, 3, 4, 6, 7, 8, 9, 10, 10, 11, 4, 4a, 5a, 6, 9, 9a, 4:6, 9 1,2,3,4,7,8,9,10,13,13,14,14-dodecachloro-1,4,4a,5,6,6a,7,10,10a,11,12,12a- 1, 2, 3, 4, 7, 8, 9, 10, 13, 13, 14, 4, 4a, 5, 6, 6a, 7, 10, 10a, 11, 12, 4:7, e] 4:5, 8:9, 1, 2, 3, 4, 5, 6, 7, 8, 12, 12, 13, 4, 4a, 5, 8, 8a, 9, 9a, 10, 2, 3, 4, 5, 6, 7, 8, 12, 12, 13, 4, 4a, 5, 8, 8a, 9, 9a, 10, 4:5, 8 MCCP and LCCP: 61788-76-9, 63449-39-8, 68920-70-7, 71011-12-6, 84082-38-2, 84776-07-8, 84776-06-7, 85049-26-9, 85422-92-0, 85535-85-9, 85535-84-8, 85535-86-0, 85536-22-7, 85681-73-8, 97553-43-0, 97659-46-6, 106232-86-4, 106232-85-3, 108171-27-3, 108171-26-2 . ,10-Dihydro-9-oxa-10-phosphaphenanthren-10-oxide 9,10-Dihydro-9-oxa-10-phosphaphenanthrene 10-oxide 9,10-Dihydro-9-oxa-10-phosphorylphenanthrene- The BFRs are characterized by moderate to very high log K ow , with very few exceptions. Four of the BFRs listed are phenolic chemicals, two are one-phenyl ring compounds and two are bisphenols, which leads to a pH-dependent water solubility for each of these chemicals.
CFRs are listed in Table 3 . The table is organized in a similar manner as Table 2 , starting with aromatic CFRs and ending with aliphatic CFRs. The CFRs are also characterized by intermediate to high log K ow constants.
PFRs are listed in Table 4 . The PFRs are presented in two groups, those containing an aromatic part (substituent) and those with only aliphatic ester groups, potentially bearing halogen substituents. Some of the PFRs also contain chlorine substituents, which enhance their log K ow , and possibly their bioaccumulation potential (van der Veen and de Boer, 2012) .
Finally, it is our hope that the proposed PRABs for BFRs, CFRs and PFRs, in this document, will result in a general acceptance and use among scientists and stakeholders in the field. If used as proposed, it will result in less confusion when BFRs, CFRs or PFRs are being reported, even though the abbreviations may, in a few cases, be perceived as somewhat complicated.
